Background: Mycolicibacterium phlei (M. phlei) is known to be a non-pathogenic nontuberculous mycobacterium (NTM) which rarely causes diseases in humans. A disseminated NTM infection is mostly caused by the Mycobacterium avium complex (MAC) and is known to develop in immunocompromised hosts, like those with acquired immune deficiency syndrome (AIDS). Here, we report a case of disseminated M. phlei infection in an immunocompetent host carrying anti-interferon gamma (IFN-γ) autoantibodies. Case presentation: We detected M. phlei in multiple organs of an elderly woman with no significant medical history except positivity for anti-IFN-γ autoantibodies. She tested negative for human immunodeficiency virus (HIV)-1, 2/ Human T-cell leukemia virus type 1 (HTLV-1) antibody. High-resolution computed tomography (HRCT) of the chest demonstrated a nodule in the left S1 + 2 segment, interlobular septal thickening, multi lymphadenopathy, and osteolysis. A maximum intensity projection image following fluorodeoxyglucose-positron emission tomography (FDG-PET) revealed multifocal hypermetabolic lesions in the nodule and all the swollen lymph nodes seen in HRCT. FDG also accumulated in multiple bones. Advanced primary lung cancer was suspected, and biopsies of each lesion were performed. The pathology revealed caseating granuloma, positive for acid-fast bacteria, and DNA sequencing of the acid-fast bacteria confirmed the organism to be M. phlei. The patient also tested positive for anti-IFN-γ autoantibodies. Based on these findings, she was diagnosed with disseminated M. phlei infection, with anti-IFN-γ autoantibodies. Conclusions: Though known to be non-pathogenic, we show that M. phlei can be pathogenic like the MAC in immunocompetent individuals carrying anti-IFN-γ autoantibodies.
Case report
Background Disseminated nontuberculous mycobacterium (NTM) infection is a disease that primarily occurs in immunocompromised hosts, such as those with acquired immune deficiency syndrome (AIDS). However recently some reports on disseminated NTM infection in immunocompetent hosts have been published, and most of them carry anti-interferon gamma (IFN-γ) autoantibodies [1] . Almost all of these cases of NTM involve Mycobacterium avium complex (MAC) or other pathogenic NTM.
Mycolicibacterium Phlei (M. phlei) is classified as a non-pathogenic NTM [1] . While there are very few reports of M. phlei causing infections in humans [2] [3] [4] [5] [6] [7] [8] , there are none of it causing disseminated infections. Based on its non-pathogenicity, M. phlei has been used for the treatment of conditions like asthma [9] .
Here, we report a case of disseminated M. phlei infection in an immunocompetent host carrying anti-IFN-γ autoantibodies. It is possible that the pathogenicity of M. phlei in such hosts is different from that in hosts with a normal immune system.
Case presentation
A 79-year-old woman with no significant medical history visited the Otsu City Hospital (Shiga prefecture, Japan) complaining of chest pain that had persisted for the last one month. Her vital signs were normal, and except for diffuse erythema with lichenification of the trunk and limbs, the physical examination was unremarkable. The initial laboratory data indicated a high level of inflammation with a white blood cell count (WBC) of 18,100 /μL (normal range: 3800-9400 /μL), c-reactive protein (CRP) levels of 7.56 mg/dL (0.00-0.03 mg/dL), and an erythrocyte sedimentation rate (ESR) of 136 mm/h (1.0-15.0 mm/h). She tested negative for human immunodeficiency virus (HIV)-1, 2/ Human T-cell leukemia virus type 1 (HTLV-1) antibody. QuantiFERON-Gold in tube ® (QFT) yielded indeterminate results. She tested negative for MAC infection, based on the serum levels of anti-glycopeptidolipid-core immunoglobulin (Capilia MAC Antibody ELISA)
® [10] . The levels of immunoglobulin G (IgG), IgA, IgM were normal (Table 1) . High-resolution computed tomography (HRCT) of the chest demonstrated a nodule in the left S1 + 2 segment, interlobular septal thickening in the left lower lobe, lymphadenopathy of the left hilar, mediastinal, supraclavicular, and posterior cervical lymph nodes, and osteolysis of the sternum and the left second rib, which might have caused the chest pain. She also had hepatosplenomegaly. A maximum intensity projection image following fluorodeoxyglucose-positron emission tomography (FDG-PET) revealed multifocal hypermetabolic lesions in the nodule and all the swollen lymph nodes seen in HRCT. FDG also accumulated in the anterior spinal cord, sacrum, iliac bone, pubic bone, PCT procalcitonin, CEA carcinoembryonic antigen, SCC Squamous Cell Carcinoma, CYFRA cytokeratin 19 fragment, NSE nerve specific enolase, Pro GRP pro-gastrin releasing peptide, CA19-9 carbohydrate antigen 19-9, sIL-2R soluble interleukin-2 receptor, PHA SI the lymphocyte phytohemagglutinin (PHA) stimulation index ischium, sternum, scapula, ribs, clavicle, and thigh bone ( Fig. 1) . Magnetic resonance imaging (MRI) of the lumbar to thoracic vertebrae was performed. Based on a T2-weighted image showing a mottled abnormal signal, bone marrow infiltration or necrosis was suspected.
Advanced primary lung cancer was suspected, and a cervical lymph node biopsy was performed. The pathology revealed a caseating granuloma, positive for acid-fast bacteria. We performed the left iliac bone marrow and transbronchial lung biopsies (TBLB). While the bone marrow biopsy revealed tiny granulomas, no special findings were seen in TBLB. Since there was no evidence of malignancy, video-assisted thoracic surgery was performed for confirmation. The nodule in the left S1 + 2 segment on HRCT could not be identified directly, and therefore, biopsies of the para-aortic, swollen lymph node and pleura were performed instead. The biopsies revealed epithelioid granuloma, which stained positive for acid-fast bacteria. The real time -polymerase chain reaction was negative for tuberculosis or MAC. The number of acid-fast bacteria on the biopsy specimens was so low that no pathogen was detected after their culture. From these results, it was concluded that she had disseminated NTM infection, even though she had no history of being immunocompromised except for the indeterminate QFT ® results. She was started on a multi-drug combination therapy which included rifampicin 300 mg/day, ethambutol 500 mg/day, clarithromycin 600 mg/day, and levofloxacin 300 mg/day. Because the sputum test was negative for mycobacterium based on the Ziehl-Neelsen staining, the follow up was based on her ESR and CRP levels, both of which improved gradually. Since we did not culture blood for acid-fast bacteria and no pathogens were detected following the culture of the biopsy specimens, we recovered the genome of the bacteria from the paraffin blocks. The partial nucleotide sequences of the hsp65 and rpoB genes were amplified and sequenced. DNA sequencing confirmed the organism to be M. phlei. We concluded she had IFN-γ autoantibody, because her serum retained high concentration of neutralizing capacity to IFN-γ, measured by flow-cytometry based method and the antigen capture assay formerly described [11] . Based on these results, we evaluated the levels of CD4 and CD8, as well as the lymphocyte phytohemagglutinin (PHA) stimulation index to assess her cell-mediated immunity. She had 30.7% (463/μL) CD4 (normal range: 25.0-54.0%) and 39.7% CD 8 (23.0-56.0%). The CD4:CD8 ratio was 0.8 (0.40-2.30), and the lymphocyte PHA stimulation index was 528.4 (101.6-2643.8). Her cell-mediated immunity was normal. Following the completion of treatment in 26 months, her ESR levels normalized. The swelling in the lymph nodes and the abnormal vertebral lesions showed improvement. Following-ups are ongoing (Fig. 2) .
Discussion and conclusions
Anti IFN-γ autoantibodies are associated with adult-onset of immunodeficiency akin to that seen in patients with acquired immunodeficiency syndrome (AIDS). These antibodies can cause disseminated NTM infections in an immunocompetent host, which was previously known to occur only AIDS patients [1] . The presence of these antibodies has been associated with Fig. 1 A maximum intensity projection image following fluorodeoxyglucose-positron emission tomography (FDG-PET) revealed multifocal hypermetabolic lesions in the nodule in the left S1 + 2 segment, interlobular septal thickening in the left lower lobe, lymphadenopathy of the left hilar, mediastinal, supraclavicular, and posterior cervical lymph nodes. FDG also accumulated in the anterior spinal cord, sacrum, iliac bone, pubic bone, ischium, sternum, scapula, ribs, clavicle, and thigh bone disseminated NTM mostly caused by pathogenic NTM, except in the case of M. mantenii infections, the virulence of which has never been clearly demonstrated [12] .
M. phlei belongs to the Runyon's classification group IV of rapidly growing potential pathogens [13] , but the American Thoracic Society does not list it as a pathogenic mycobacterium [14] . The molecular basis for the virulence of the mycobacterium species is still not well understood. Studies on M. phlei by Beltan et al. [15] have suggested that important differences exist between pathogenic and non-pathogenic mycobacterium species, particularly with respect to TNF-α and GM-CSF signalling. Raynaud et al. [16] have reported the role of extracellular enzymes in the pathogenicity of mycobacterium species. Twenty-two enzyme activities were detected from the culture fluids and/or cell surfaces of mycobacterium species, of which eight were absent from the culture fluids of non-pathogens. They have also suggested that the molecular architecture of the mycobacterial envelopes may play an important role in the pathogenicity of these organisms. These studies support the non-pathogenicity of M. phlei. Based on its non-pathogenicity in humans, M. phlei has been used for the treatment of conditions like asthma. The inhalation of it can reduce airway inflammation by regulating IL-4, IL-10, and IFN-γ secretion [9] . Reports on M. phlei infections are extremely rare, with eight cases reported as per our search (Table 2) [2] [3] [4] [5] [6] [7] [8] . The case reported here is the ninth case, but the first one to describe a disseminated form of the infection. Almost all of the reported infections were in immunocompetent hosts, except for the eighth one wherein the patient had AIDS. However, in this case, the patient had a normal X-ray, and the sputum test The patient in our study also had no significant medical or drug history, except positivity for anti-IFN-γ autoantibodies. To understand why this non-pathogenic mycobacterium could cause disseminated infection in immunocompetent individuals, we focused on IFN-γ dependent immunity, which is essential for the control of mycobacterial infections. For example, Mendelian susceptibility to mycobacterial disease (MSMD), that leads to paediatric chronic diseases, is a rare condition characterized by susceptibility to weakly virulent mycobacteria, such as Bacille de Calmette et Guérin (BCG) vaccines and environmental mycobacteria [17] . Though MSMD was ruled out in our patient based on her age and the absence of any significant medical history, it is possible that her IFN-γ dependent immunity might have been impaired as in an MSMD patient. More detailed studies using the patient's blood cells are needed to confirm this possibility.
Therefore, to the best of our knowledge, our case is the first report suggesting the pathogenicity of M. phlei and its ability to cause a disseminated "non-pathogenic" NTM infection in hosts carrying anti-IFN-γ autoantibodies. However, what causes an individual to have anti-IFN-γ autoantibodies is not clear. If it is related to environmental mycobacterial infections, its clinical significance could be much higher because M. phlei is also used for the treatment of conditions such as asthma.
